Many materials science concepts can be developed into animated, interactive spreadsheets to create engaging discovery learning tools. These Excel spreadsheets do not require programming expertise. Learning how to create and use these didactically useful spreadsheets is simple and new examples can be quickly created by instructors.
Introduction
Are the bond lengths in a metal or an ionic compound constant? How are bond lengths measured? These are examples of two rather simple questions that students can discover answers for themselves via dynamic and interactive spreadsheets or Excelets (Java-less appletlike). The MatSci Excelets collection [1] of over thirty dynamic and interactive spreadsheets offers instructors in introductory materials science or other courses such as general chemistry or physics, a way to create an engaging pedagogy in the classroom, whether for lecture, laboratory, or out-of-class assignments. The spreadsheets are all computationally-based (using formulae, not programming) and easily modified by instructors just being introduced to the technology and even by students interested in exploratory learning. This collection complements the Spreadsheet Applications for Materials Science, SAMS, by Meier [2] . This paper describes the pedagogical use of some of the MatSci Excelets in the classroom and student feedback.
The Solid State -A Discovery-based Lecture-Discussion
Here are a series of examples that could be presented in lectures, but allow students to discover the answers guided by the instructor posing questions. The first example, shown in Figure 1 , Figure 1 . Vibrations in a metallic solid deals with the question of whether bond lengths in a metal are constant. It starts with all the bond lengths at a distance of 100 pm. Instructors can create vibration at different levels using the scroll bar and hitting the F9 key multiple times, animating the atoms. By increasing the level of vibration, mimicking a temperature increase, the variation in bond lengths increases. This is a simple but nevertheless, a very powerful visualization of a microscopic (atomic) process for novice learners.
Thermal expansion is another important concept in materials. This seemingly simple macroscopic concept can be confusing for students, but some of these issues can be addressed using Excelets. For example, as shown in Figure 2 , what is the difference between an isotropic and anisotropic material? What happens if the temperature increases? Here an instructor increases the temperature to cause thermal expansion and students view how the material behaves. They can then deduce the difference between isotropic and anisotropic expansion, as opposed to an instructor just flat out telling them. Now consider crystal structures. How does the radius of the metal influence the packing in a simple cubic lattice? How is the radius related to the lattice parameter? Here ( Figure 3 ) via an animated two-dimensional graphic and the use of a scroll bar in Excel, these two questions can be addressed easily in a visual fashion. Then in the same spreadsheet the more complicated facecentered and body-centered lattices and on another spreadsheet hexagonal close packing can be explored. The use of two-dimensional graphics alongside three-dimensional ones gives the novice learner a better chance to develop an understanding. The lattice parameter obtained from x-ray measurements can easily be related and can be explored using the X-rays and the Crystalline State of Matter Excelet (Bragg's Law) too. All of this is accomplished by a mode of questioning that drives student discovery.
After examining metals, exploring the alkali halides, all ionic compounds with sodium chloride structures, allows ionic radii, lattice energy, and the Born-Haber cycle to be covered. The variation of ionic radius can be examined and related to the face-centered cubic crystal Figure Figure 2 . Part of Thermal Expansion Excelet structure. Now the trends of the lattice parameter (a typical crystallographic measurement) as a function of anion size can be explored graphically (Figure 4 ) using the spreadsheet to handle a small database and allowing student control (check boxes on the right of the screenshot) of the data on the graph. Students can discover how the ionic radii influence the trends as both cation and anion sizes vary. More of the database aspects can be found in Exploring the Periodic Table: Metal-Nonmetal Comparison.
The Bonding in Sodium Chloride Crystals Excelet demonstrates the use of graphing the calculation of the attractive and repulsive energies for sodium chloride ( Figure 5 ). Using a tracer line to find the minimum energy on the net energy curve, which is the sum of the attractive and repulsive energies, students can discover the radius (sum of cation and anion) that minimizes energy. This is an excellent example of camouflaging the mathematics (essentially the LennardJones potential calculation) to introduce the concept and then the instructor can decide how far to bring in the mathematics.
Out-of-class Projects
Many of the MatSci Excelets contain assessment questions using data that expand on concepts covered in the particular Excelet as seen in Figure 6 . Here we get students to use the spreadsheet to handle, graph, and analyze data plus construct a mathematical model in many cases. This is a very important skill for scientists. Many of the topics such as Brinell hardness, the Avrami equation, and three-point load test for fracturing ceramics are covered in typical sophomore level textbooks for materials science such as Callister [3] . All of the MatSci Excelets are freely available for download at http://academic.pgcc.edu/~ssinex/excelets/matsci_excelets.htm.
Student Feedback
The interactive nature of Excelets was favored because it allowed students to play and experiment (18%), discover on their own (18%), think (7%) or all three of these (56%). In general, the visual aspects were appreciated and students felt it enhanced their understanding of concepts. Table 1 Students were asked to rank how Excelets were used in the class. The results are listed in order from most (1 of 5) to least (5 of 5) favorable: group activity done in class (1.8) > lecture using Excelet (1.9) > group activity done out of class (3.2) > individual project (3.3) > lecture with no Excelet (4.0). This reflects how the students wanted the instructor to use the Excelets.
Constructing Interactive Excel Spreadsheets or Excelets
The wherewithal for producing Excelets can be found at the Developer's Guide to Excelets [4], which includes a tutorial, illustrated instructions, and many more examples. We strongly encourage others to take the interactive features tour to see what can be done in Excel. The forms toolbar provides a variety of features (spinners, scroll bars, checkboxes, etc.) that are easy to use, and when combined with logical functions, lookup tables, conditional formatting, and a number of simple tricks provides a wealth of interactivity and dynamic display. The use of the forms toolbar allows Excelets to function on both PC and Mac platforms. All of this is done using computations (a.k.a. -formulas and available functions) in the cells. The use of comment boxes adds explanation, hints, and answers for students as well. One should always look under the graphs, as many of the tricks, such as turning lines on graphs on and off or tracer points are explained there. The support materials for mathematical modeling are also given. This includes modeling and simulations with cookies, introduction to linear regression, goodness of fit for linear models, interpolation and extrapolation, and non-linear models as well.
Many of the Excelets will be completely functional in Open Office Calc, which is open source (free) software available at http://www.openoffice.org. Calc functions very much like Excel. One may have to clean up the files for cosmetic reasons. Check boxes will become colorless and the words true and false which are under them need to be hidden (turn the font white). If option buttons are in the Excelet, they have a slightly different syntax in Calc and the formula must be amended in Calc for the spreadsheet to function.
Some Final Thoughts
Excelets provide a "click-and-think" mode of learning for students in a large variety of topics in introductory materials science and general chemistry using an off-the-shelf software package. Even in a lecture environment, the "chalk-and-talk" mode can be minimized by using Excelets. Classical lectures can evolve into a more discussion-based format with students discovering concepts through predict-test-analyze (the "what if" scenarios) using technology as well. Student engagement via out-of-class projects or follow-up activities in the laboratory is increased considerably. Excelets also provide another great way to add interactivity to instruction in online classes.
Excelets address the visual (various types of graphs, use of conditional formatting) and kinesthetic (interactive features) learning styles. With the mode of questioning, they drive students toward deeper learning using an engaging pedagogy.
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